Cancer patients can be well-connected to resources during treatment but become lost to follow-up and subsequently may receive treatment in free clinics for chronic morbidities. Few studies have examined outcomes for uninsured patients with cancer histories in free clinics, but research examining socioeconomic determinants emphasizes poor cancer outcomes for patients with lower socioeconomic statuses (SES).
Introduction
There is limited research on the health outcomes and comorbidities of uninsured patients who have had cancer. While many free clinics treat patients with concomitant chronic conditions, few studies have documented the prevalence of malignancies and their associations with other diseases in patients without health insurance. Prior US studies with Medicaid patients have shown that uninsured patients had higher likelihoods of being diagnosed with advanced-stage solid cancers. [1, 2] Low-income populations tend to have higher incidences of distant disease and are less likely to receive cancer-directed surgery, [3] and as a result, they also have a greater risk of death. [4] Socioeconomic determinants of cancer outcomes such as gender and race have long been researched and especially emphasize poor outcomes for African American and low-income patients. [5, 6] Patients from low socioeconomic status disproportionately experience tobacco-related disease, a risk factor for most cancers; [7] yet, tobacco cessation programs that can improve cancer outcomes are usually not available to patients outside the private health insurance network system in the US.
Cancer patients who are often well-connected to resources during the treatment phase of their disease can become lost to follow-up in the extended and permanent stages of cancer survivorship and end up in free clinics for further management of chronic comorbidities. [8] The Charlson Comorbidity Index (CCI) consists of 19 categories of comorbidity and can be used to calculate the 10-year mortality risk for patients having 1 or more of the conditions included, each of which is individually assigned a weighted score. [9] This score has been used to study the severity of diseases and risks of tolerance for future therapies, such that if a cancer patient has a high CCI, the risks of treatment may outweigh the benefits. We measured the CCI of uninsured cancer patients to better characterize their mortality risks and elucidate any associations with socioeconomic disparities.
By using a patient's CCI as a proxy for the burden of chronic disease, we can better characterize the risk factors associated with uninsured patients with cancer history. Uninsured patients who are lost to follow-up are at risk of cancer recurrence and metastasis resulting in further economic burden. [10] Thus, this study highlights the need to study this under-privileged and vulnerable population. An analysis of socioeconomic and disease risk factors demonstrates increased awareness of the interplay of disease and cancer in the disenfranchised.
Methods
This retrospective study involved the extraction of data including demographics, chronic disease measures, and Charlson comorbidities from medical charts of uninsured patients who were seen in 8 free clinics from January through December 2016 in the Tampa Bay Area. These 8 clinics treated only uninsured patients and relied in part on volunteer services from community and academic providers. Medical and undergraduate students volunteered to conduct a thorough extraction of data from paper and electronic records. This study included all patients seen at each clinic over a 1-year period, according to each clinic's appointment schedule.
The prevalence of cancer was defined as the proportion of patients who had any history of the condition, whether active or resolved, as noted in the patient chart. Frequencies, means, Pearson correlation coefficients, and 95% confidence intervals were used to assess associations between patient socioeconomic variables and cancer diagnoses. CCI-defined comorbidities were assessed and extracted from patient charts, and the CCI score was used to compare mortality risks for patients with or without histories of cancer. This study was approved by the University of South Florida's Institutional Review Board and each clinic provided consent to access their patient data. All analyses were performed in SAS 9.3 (SAS Institute, Cary NC).
Results
In 2016, 4804 uninsured patients were treated in 8 free clinics. According to our manual chart review, 86 patients (1.7%) were found to have histories of cancer and 3318 (69.1%) were identified as having no history of cancer. The remaining 1400 patients (29.1%) were not specifically asked about their cancer histories, so their charts did not include this information. The most common malignancies reported among the population of patients with cancer histories included breast (19, 22 .09%), prostate (8, 9 .30%), melanoma (6, 6.97%), cervical (5, 5 Among patients who had ever been diagnosed with cancer, most were women (65.1%), and the average age was 54.37 years (13.42 SDs), which was significantly greater than for patients without cancer histories (P <.001). Only 5.8% of the population of patients with cancer histories was black (4 patients), which was a significantly smaller proportion than was found in the population of patients without any history of cancer (16 Table 2 shows the mean and standard deviation for continuous socioeconomic characteristics, frequencies, and percentages for categorical socioeconomic characteristics. It also shows both the unadjusted and multivariate odds ratio with 95% confidence interval for the odds ratio. P values are reported with statistical significance considered <.05. Due to the nature of free clinic chart reviews, missing values were noted for race, employment, salary, house size, and weight. Therefore, multiple imputation was applied to address the missing values among potential predictors. [11] We applied SAS proc MI (SAS Institute, 2007) to impute the missing data, using all the variables listed in Table 1 . We imputed 5 data sets and then analyzed each imputed data set separately. SAS Proc MIANALYZE was used to summarize all the 5 findings, to reduce the uncertainty in the estimated The multivariate analysis showed that age, sex, and white race were significant factors, after adjusting for other factors. According to this model, there is an about 5% increase in the odds of having cancer with every year in the age. Compared to women, men had a 22% less likelihood of having cancer in this uninsured population. Similarly, the odds of having cancer for white patients were about 98% more than other races.
Several comorbidities per the CCI were recorded, and patients with cancer histories were associated with higher rates of comorbidities than patients without (69.8% [60] vs 19.8% [657]; P <.001; Table 3 ). In relative proportion, cancer patients had more cerebrovascular disease than patients without cancer (4.7% [4] Tobacco and alcohol use among uninsured cancer patients is shown in Table 4 . Smoking habits were categorized into 3 groups (never smokers, active smokers, and past smokers). Chi-square analysis of cancer histories revealed significant associations with smoking (P = .018). Furthermore, alcohol consumption history was categorized into 3 groups (never drinkers, active drinkers, and past drinkers). Chi-square analysis of cancer histories revealed significant associations with alcohol consumption, and The odds ratio and 95% CI, which are denoted with supertitle "a", for "Salary" are based on the log-transformed salary. "No Cancer" group serves as the reference group of outcome variable in both unadjusted model and multiple imputation model.
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www.md-journal.com alcohol consumption was significantly higher among patients with cancer histories than those without (P = .002). The same analyses were performed for drug use, with 90.48% of cancer patients denying any history of illicit drug use compared to 89.11% of patients without cancer histories. Overall, there was no significant association between cancer history and drug use (chi-square, 0.598; P = .74).
Discussion

Mortality risk for uninsured patients with cancer histories
The CCI is a standardized method of assessing health outcomes in patients with diseases such as cancer. Comorbidity indices have been used by cancer registries to demonstrate associations between different types of cancer and overall survival. [16] Although there are different standardized methods of assessing mortality risk, the CCI has proven to be more appropriate to prognostic analyses and has been used clinically in several datasets. [17] To illustrate how CCI is used to estimate mortality, a CCI of 3 points is associated with a 77% 10-year survival rate, whereas 2 points are 90%, 1 point is 96%, and zero points is 98%. [9] As evidenced by our CCI calculations, uninsured patients with cancer histories bear a greater risk of mortality than uninsured patients without cancer histories. Additionally, according to the National Cancer Institute, patients with higher burdens of disease and more comorbidities are less likely to be enrolled in clinical trials than other cancer patients, especially when they are black, thereby increasing their mortality risk. [18] 
Race as a risk factor
Racial disparities in diagnosis and prognosis of cancer have been a multifactorial challenge. Although the majority of our patients were White, several historical concepts are important to consider. Cancer survival has historically been lower in black patients, specifically in breast, [12] ovarian, [13] and colon cancers. [14] According to a 2018 report by the American Cancer Society, non-Hispanic black women have a lower incidence of cancer than non-Hispanic white women, but their overall cancer mortality rate is 14% higher. [15] In our study, only 4 black patients had histories of cancer. This may have been a result of black patients not using free resources like charitable clinics when they were uninsured or those with active cancer diagnoses receiving treatment in other clinical settings in the Tampa Bay region. Another possibility is that such patients' cancer histories were not captured in the demographics because they were burdened with many comorbid conditions, making it difficult for them to be clinically evaluated at any location. Lastly, the medical charts only reflected what was discussed or mentioned during consultations; thus, black patients either may not have disclosed their oncological histories in the free primary care setting or may utilize free and charitable clinics less than other races.
Chronic disease risk factors
The uninsured cancer population in this study may be at greater risk of secondary malignancies, especially with 19.8% (17) of patients having uncomplicated diabetes, obesity and increased atrisk behaviors such as tobacco and alcohol use. Several biological mechanisms have been proposed to explain the link between diabetes and cancer, including chronic inflammation and hyperglycemia. [19] Insulin has been highlighted as a possible oncogenic factor in malignancies, [20] and diabetes and it's higher insulin requirements are more associated with breast and colon cancers, which were among the most common cancer types identified in our study population, than elevated body-mass index (BMI) alone. [21, 22] This evidence raises concern for the uninsured patients with histories of cancer in the present study, given the high proportion of them with diabetes and receiving short and/or long-acting insulin.
According to a study published in 2017 that used global cancer data, 5% to 6% of all new cancers in 2012 were attributable to the combined effects of diabetes and high BMI as independent risk factors, [23] although another study showed that obesity alone was the cause of 3% to 6% of all cancer cases globally in the same year. [24] The World Cancer Research Fund (WCRF) has concluded that there are causal associations between obesity and multiple solid and hematological malignancies, and it continues to study dietary and nutritional recommendations that can improve the outcomes of several malignancies. [23, 25, 26] Elevated BMI was responsible for twice as many cases of cancer than diabetes, [23] although some cancers such as breast cancer are more affected by poor metabolic health (diabetes) than by obesity alone. [27] Multiple meta-analyses have also confirmed the associations between obesity and cancer mortality. [28, 29] We were limited by a lack of height data with which to calculate BMI in our study population, but we can perhaps infer that our uninsured patients with histories of cancer were at greater risk of obesity than the patients without any history of cancer, and they were significantly heavier, on average. One study involving 18 years of follow-up of 93,000 women revealed a dose-response relationship between obesity and the medication received for several cancers. [30] In 2014, more than 55% of all cancers diagnosed in women and 24% of cancers diagnosed in men were associated with obesity, according to a report by the US Centers for Disease Control and Prevention. [31] There is limited research about the uninsured patient population who frequent free clinics in the literature. Strengths of this study include a large sample size involving multiple free clinics in the locality, a thorough chart review of a subset population, and inclusion criteria consisting of 1 calendar year of data to account for seasonal variation. Although this study represents one of the few retrospective studies reported on patients with cancer history in free clinics, there are several limitations that need to be discussed in order to fully understand this study's results. For 1, estimated proportion of cancer patients are clinic-based and do not reflect population-based estimated proportions. Given the cross-sectional nature of this retrospective study, temporality of cancer history was difficult to determine. Missing and incomplete data was another major limitation and thus multivariate analysis with multiple imputations was used to handle this statistical drawback. Given that free clinics are not billing their patients, medical coding is not emphasized, and thus medical charts are often brief and to the point with no standardized terminology except that employed by the primary providers. Therefore, systematic and chart-by-chart review and extraction, albeit intensive, was necessary to fully capture as many clinical details about each patient. The lack of health insurance perpetuates a cycle of reduced health-care accessibility and poor health outcomes. Data from the Third National Health and Nutrition Examination Survey demonstrated that patients with either public or no insurance had higher levels of smoking, reduced diet quality, higher BMI, and increased risks of chronic disease and cancer mortality than patients in the privately insured population. [32] Indeed, tobacco, alcohol, and drug use are often socially distributed, with the higher rates of abuse and addiction occurring among lower socioeconomic groups. [33] Although rates of tobacco use have declined in the general population, the prevalence of smoking has increased among those with substance-use disorders. [34] In addition, the patients with a history of cancer in our study were associated with greater levels of alcohol use, which is concerning given that alcohol has been established as a risk factor for several malignancies, as was recently emphasized by the American Society of Clinical Oncology. [35] Thus, if uninsured patients of lower socioeconomic statuses (SES) are at higher risk of substance abuse, their risk of cancer mortality is elevated and concerning.
Conclusion
There are abundant information and research already present regarding the pathogenesis of cancer and its high associations with tobacco abuse, obesity, and chronic disease, but evidencebased prevention programs are inconsistently implemented throughout the US. [36] This study confirms past research on the dynamics of socioeconomic disparities and cancer in a unique population of uninsured patients who frequent free and charitable clinics. There is limited literature on the demographics and comorbidities of uninsured patients with histories of cancer. Our findings show that patients with histories of cancer and without insurance may be in greater need than the general population for preventative and public health programs that focus on chronic disease prevention and management, weight control, and substance abuse. By describing this disparity, we hope to raise awareness about uninsured cancer patients in the free clinic setting. For current oncologists and other clinical providers, we emphasize the importance of ensuring follow-up for cancer patients due to their higher risk of mortality and disease burden, as evidenced by our study.
